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The genus Macrobrachium (Bate, 1868) belongs to the Palaemonidae family. These species
are commonly found in lakes, ﬂoodplains and rivers in tropical and subtropical regions of
South America. The Macrobrachium genus encompasses nearly 210 species of ecological
and economic importance. In this study, three species of Macrobrachium (Macrobrachium
jelskii, Macrobrachium amazonicum and Macrobrachium brasiliense) were studied in order
to characterize the esterase patterns in the hepatopancreas, which were still unknown.
Esterases are enzymes which catalyze the hydrolysis of esters. In the hepatopancreas,
these enzymes play important roles in several metabolic processes involved in some
functions of this organ, such as detoxiﬁcation and digestion. Twelve esterase bands (EST1 to
EST12) were detected in these species, and a comparison among them showed no quali-
tative differences in interspeciﬁc bands, or betweenmales and females. Inhibitorswere used
to classify the esterase bands. The results indicated seven acetylesterases, two carbox-
ylesterases, one arylesterase, and one cholinesterase. The EST11 band was not detected in
these procedures because of its lower frequency. Statistical analyses showed no variability
among the species, in either interspeciﬁc or intraspeciﬁc assays. These results support the
hypothesis of a high evolutionary conservation of esterases in the hepatopancreas of these
crustaceans. The data enabled us to assess the genetic structure of these species through the
use of esterasic enzymes. It also contributes to our knowledge about the biology of these
poorly studied species. Knowledge on the genetic structure of populations and species are
essential when deﬁning priorities for their management and conservation.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
The species of Macrobrachium (Bate, 1868) are decapod crustaceans from the suborder Pleocyemata, infraorder Caridea,
superfamily Palaemonoidea and family Palaemonidae. This genus includes several species of prawns which are widely
distributed in lakes, reservoirs, ﬂoodplains, and rivers in tropical and subtropical regions of South America. Currently, there
are 210 species distributed worldwide, 45 of which are registered in the Americas, including approximately 18 in Brazil (Melo,
2003; Maciel and Valenti, 2009).otto Barboza Lima).
. All rights reserved.
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eries, and have a high value in aquaculture. Recently, intense research efforts have been directed toward developing
commercial culture technology for this species (Moraes-Valenti and Valenti, 2007, 2010). Additionally, these species have
been shown to play important ecological roles, as feeding supplies and predation (Magalhães, 2000; Magalhães et al., 2005).
These ecological roles emphasize the importance of studies on the drastic environmental degradation caused by exotic
species and human activities.
In São Paulo state, Brazil,Macrobrachium jelskii andMacrobrachium amazonicumwere introduced on 1960’s (Torloni et al.,
1993) in the ﬁsh farming stations owned by CESP (São Paulo Energy Company) as part of the ﬁsh Plagioscion squamosissimus
(Heckle, 1840) transplantation process from reservoirs in Brazilian northeastern. These two species most likely escaped from
artiﬁcial lakes and spread to the Pardo River, Grande River basin, and afterward reaching to the Ilha Solteira and Jupiá
Reservoirs in the upper Paraná river on the beginning of 1970 years.
In current sport ﬁshing practices,M. jelskii andM. amazonicum are used like live bait and are sometimes released into the
aquatic environment. Additionally, larvae, juveniles and other immature specimens of these crustaceans were likely trans-
ported in aquatic macrophyte roots which were used as shelter for ﬁshes in containers brought from the Pantanal region to
populate ponds and reservoirs used in aquaculture, thus increasing these crustaceans invasion (Magalhães, 2000, 2001).
The hydrographic basins of São Paulo have been suffering several anthropogenic interventions that drastically changed the
aquatic biota, such as artiﬁcial dams, a lack of riparian vegetation, and contamination from agriculture, industries and organic
wastes (Magalhães et al., 2005; Maciel and Valenti, 2009). These interventions may lead to siltation, increase in suspended
material and changes in the physical and chemical parameters of these aquatic environments. The introduction of exotic
species in a previously altered environment may favor the exotic species over the native ones, either bymeans of predation or
as a competition result.
Some studies have shown that actions meant to protect endemic or native species in natural areas that are recovering
altered environments play a fundamental role in biodiversity maintenance in the ecosystem and offer a better under-
standing of the biotic and abiotic interaction processes in the area (Tundisi et al., 1999; Cajaraville et al., 2000). Despite the
knowledge of this problem, there are few studies on the genetic structure of the species of Macrobrachium, the genetic
alterations caused by their introduction into a new environment, or the environmental contamination caused by human
inﬂuence.
The goal of this study is characterizing the esterase isozymes from the hepatopancreas of three species ofMacrobrachium:
M. amazonicum, M. jelskii, and Macrobrachium brasiliense, in order to classify the esterase polymorphism in this organ.
Esterases are enzymes that catalyze the hydrolysis of esters. They are involved in important physiological processes, including
digestion, reproduction, developmental processes, and the detoxiﬁcation and tolerance of many xenobiotics (Castiglioni-Ruiz
et al., 1997; Sousa-Polezzi and Bicudo, 2005; Vioque-Fernández et al., 2007; Frasco et al., 2010).
The results presented in this study are pioneer and can be used in other studies involving the detection of esterasic
biomarkers, which play an important role in predicting environmental water quality.
The hepatopancreas is analogous to the liver, pancreas and intestine of vertebrates, moreover it plays important roles in
several metabolic processes in crustaceans in which esterase activity is essential for these physiological reactions (Wu et al.,
2008; Frasco et al., 2006, 2010). Given the importance of this organ and the paucity of knowledge about it, this paper answers
some basic issues which can support a better understanding about these prawns physiology.
2. Materials and methods
2.1. Sample sources
The samples ofM. amazonicum andM. jelskiiwere collected at the Barra Mansa Dam, in the city of Mendonça in São Paulo
state, Brazil (211402700S; 495602800W). The M. brasiliense samples were obtained from the Talhadinho Stream, in Talhados,
São Paulo (204700700S; 492003500W) (Fig. 1). The collected specimens were identiﬁed and sexed according to Melo (2003),
and their hepatopancreases were then excised and frozen at 80 C.
2.2. Isozyme analysis
In this study, 750M. jelskii specimens (45 male and 705 female), 650M. amazonicum specimens (30 male and 620 female)
and also 650 M. brasiliense specimens (30 male and 620 female) were analyzed.
Esterase patterns were analyzed in 10% polyacrylamide gels (size 0.20  0.15 m) according to the methods described by
Castiglioni-Ruiz et al. (1997). Hepatopancreas samples were individually homogenized at 0 C in 35 mL of a buffer solution
(1.5 M Tris–HCl, pH 8.8, plus 10% glycerol), for each sample preparation. Then, 10 mL of the supernatant were undergone to
electrophoresis for 5 h at w25 C, and at a constant of 200 V. The running buffer used was 0.1 M tris-glycine at pH 8.3.
Esterases were identiﬁed after the gels were pre-incubated for 1 h at room temperature (w25 C), in 50 mL of 0.1 M
sodium phosphate, pH 6.2. The esterases were then put in a staining reaction containing both a-naphthyl and b-naphthyl
acetate (30 mg and 15 mg, respectively), 60 mg of fast blue and 5 mL of N-propanol in 50 mL of a sodium phosphate solution.
The esterases staining were performed in the dark for 1 h with the solution described above. The gels were dried at room
temperature using gelatin and cellophane, as described by Ceron et al. (1992).
Fig. 1. Map of São Paulo state (Brazil) showing the collecting sites.
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(1997) used staining solutions that included either 45 mg of a-naphthyl acetate, 45 g of b-naphthyl acetate, or a combina-
tion of the acetates at different concentrations (either 30 mg of a-naphthyl acetate and 15 mg of b-naphthyl acetate or 15 mg
of a-naphthyl acetate and 30 mg of b-naphthyl acetate).
In order to detect esterase bands that we imagined were not being stained at the usual pH levels (6.2), the staining
solutions were tested at different pHs. The same samples were pre-incubated for 1 h at room temperature (w25 C), in 50 mL
of sodium phosphate 0.1 M. The pH levels used were 4.0, 5.0, 6.2, and 8.0 (Castiglioni-Ruiz et al., 1997).
For a better characterization of the esterase bands, the gels were treated with substances known as esterase chemical
inhibitors: 0.4 mM of malathion, 1.0 mM of p-hydroxymercuribenzoate (pOHMB) and 1.0 mM of eserine sulfate. The poly-
acrylamide gels described above were pre-incubated for 1 h in sodium phosphate solution containing the inhibitor. Then, the
gels were stained with the staining solution containing the same inhibitor (Oakeshott et al., 1997; Castiglioni-Ruiz et al., 1997;
Sousa-Polezzi and Bicudo, 2005).
2.3. Statistical analysis
Statistical signiﬁcance was assessed using the Chi-square Test (p< 0.05) in order to compare the male and female esterase
band frequencies and also for interspeciﬁc comparisons.
3. Results
2050 hepatopancreases from three different species of Macrobrachium were analyzed. A total of twelve esterase bands
were identiﬁed and designated as EST 1 to EST 12, with EST 1 representing the more anodic end of the gel. The frequencies of
these esterase bands are given in Table 1.
All esterasic bands stained in black using a-naphthyl acetate were classiﬁed as a-esterase. The exception was the EST 9
band, which was red stained using b-naphthyl acetate and which was therefore classiﬁed as b-esterase.
With regard to pH tests, the esterases were most clearly stained at a pH of 6.2, which was considered a normal level for pH
staining. There was no detection of esterase bands at the other tested pH levels.Table 1
Number of males and females from each analyzed species and the frequency of the esterase bands detected.
Species Sex Number of
individuals
Frequency of bands (%)
EST 1 EST 2 EST 3 EST 4 EST 5 EST 6 EST 7 EST 8 EST 9 EST10 EST11 EST12
M. jelskii F 705 90.0 90.0 100.0 40.0 53.3 100.0 90.0 50.0 93.3 20.0 13.3 100.0
M 45 80.0 80.0 100.0 33.3 33.3 100.0 80.0 40.0 90.0 13.3 10.0 100.0
T 750 85.0 85.0 100.0 36.6 43.3 100.0 85.0 45.0 91.6 16.6 11.6 100.0
M. amazonicum F 620 90.0 90.0 93.3 50.0 50.0 100.0 93.3 50.0 90.0 13.3 10.0 100.0
M 30 80.0 80.0 90.0 40.0 30.0 100.0 93.3 33.3 90.0 13.3 6.6 100.0
T 650 85.0 85.0 91.6 45.0 40.0 100.0 93.3 41.6 90.0 13.3 8.3 100.0
M. brasiliense F 620 93.3 90.0 100.0 40.0 53.3 100.0 90.0 53.3 90.0 26.6 10.0 100.0
M 30 86.6 86.6 100.0 33.3 33.3 100.0 80.0 40.0 80.0 20.0 10.0 100.0
T 650 89.9 88.3 100.0 36.6 43.3 100.0 85.0 46.6 85.0 23.3 10.0 100.0
Total 2050
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between males and females. There were differences only in their frequencies. Bands EST 6 and EST 12 presented the highest
frequencies – they were present in 100% of the specimens analyzed. The EST 3 band was also present in 100% of theM. jelskii
and M. brasiliense specimens. However, in M. amazonicum its frequency was 91.6%.
The esterase bands EST1, EST2, EST7 and EST9 were highly frequent in all three species and in both males and females.
Their frequencies varied from 85% to 93.3%. The frequencies of the EST4, EST5 and EST8 bands ranged from 36.6% to 46.6%.
EST10 and EST11 were the least frequent bands in the species of Macrobrachium (8.3–23.3%).
The results of experiments using esterase chemical inhibitors are shown in Table 2. The same patterns of inhibition were
found in all three species ofMacrobrachium. The esterase bands EST1, EST2, EST4, EST5, EST6, EST8 and EST10were resistant to
all tested inhibitors, and were classiﬁed as acetylesterases. EST3 and EST7 were completely inhibited by malathion, this
response classiﬁed them as carboxylesterases. The EST9 bandwas slightly inhibited by pOHMB andwas therefore classiﬁed as
arylesterase. Esterase band EST12 was slightly inhibited by malathion and eserine sulfate, and its inhibition pattern was
similar to that observed for cholinesterase. The EST11 bandwas not detected in these procedures because of its low frequency.
Chi-square tests (X2; p < 0.05) were used to compare the three species of Macrobrachium and the frequencies of esterase
bands (Table 3). There was a signiﬁcant difference between esterase band frequencies in males and females in the three
analyzed species. The interspeciﬁc comparison did not reveal any signiﬁcant differences.
4. Discussion
The main objective of our research was to study the genetic variability of esterase patterns in the hepatopancreas of three
species of Macrobrachium. Although their recent introduction into the waters of São Paulo state, these freshwater prawns
already show a signiﬁcant economic and ecological importance in this region. The inﬂuence of these species makes them
potential model organisms for studies on genetic variability and population structure. Studies on these organisms will offer
unique information on the biology of this group.
Electrophoresis is a commonly used technique for protein analysis. Different molecular forms of a single enzyme are
frequently referred to as isozymes, and a great number of them play important roles in speciﬁc organs and tissues, with
variation in their genetic expression during developmental processes (Castiglioni-Ruiz et al., 1997; Lassala and Renesto,
2007).
Among the polymorphic enzymes, esterases have been studied extensively in different groups (Frasco et al., 2006;
Gunning, 2006). However, information about crustacean esterases is scarce in the literature. Using some groups of prawns,
studies have been developed to evaluate acetylcholinesterase activity in the presence of organophosphate and carbamate
pesticides. Biochemical assay methods have revealed induction thresholds for inhibitory and toxicity effects of these pesti-
cides on acetylcholinesterase and carboxylesterase activity. According to these studies, serious physiological changes can be
caused by these compounds in water, such as loss of mobility, changes in the ultrastructure of some organs (including the
hepatopancreas) and a decrease in the energy levels (Omkar and Shukla, 1985; Reddy et al., 1990; Bocquene and Galgani,
1991; Frasco et al., 2006; Bhavan and Geraldine, 2002).
Our research did not reveal numeric interspeciﬁc variations in the esterase bands, nor differences between the sexes.
These results can be explained by three important factors: the physiological importance of these enzymes, the role of the
hepatopancreas in several metabolic processes in crustaceans, and also the close phylogenetic relationships among the
analyzed species (Frasco et al., 2006; Gunning, 2006; Guerra et al., 2010).
In decapods, the hepatopancreas is involved in digestion, the absorption of nutrients, excretion, the metabolism of
endogenous and exogenous compounds, and digestive enyzme synthesis, and the storage of reserves for ecdysis and
reproduction (Moffat and Snell, 1995; Johnston et al., 1998; Wheeler et al., 2009).Table 2
Inhibition tests for esterase bands of the three Macrobrachium species. (–: no inhibition; þ, þþ, þþþ, þþþþ: increasing degrees of inhibition; Mth:
malathion; Eser: serine sulfate; pOHMB: parahydroxymercuribenzoate; ND: not detected band).
Esterase bands Macrobrachium species Classiﬁcation
Mj Ma Mb
Mth Eser pOHMB Mth Eser pOHMB Mth Eser pOHMB
EST1 – – – – – – – – – Acetylesterase
EST2 – – – – – – – – – Acetylesterase
EST3 þþþ – – þþþ – – þþþ – – Carboxylesterase
EST4 – – – – – – – – – Acetylesterase
EST5 – – – – – – – – – Acetylesterase
EST6 – – – – – – – – – Acetylesterase
EST7 þþþþ – – þþþþ – – þþþþ – – Carboxylesterase
EST8 – – – – – – – – – Acetylesterase
EST9 – – þþ – – þþ – – þþ Arylesterase
EST10 – – – – – – – – – Acetylesterase
EST11 ND ND ND ND ND ND ND ND ND ND
EST12 þþ þþ – þþ þþ – þþ þþ – Cholinesterase
Table 3
Chi-square values (X2) obtained between males and females comparisons of
hepatopancreas frequencies in each species and each interspeciﬁc analysis
(*p < 0.05).
X2 (Males  Females)
Mj Ma Mb
24.13* 36.12* 23.11*
X2 (Interspeciﬁc Analysis)
Mj  Ma Mj  Mb Ma  Mb
5.75 3.13 5.81
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primary ducts (Sousa and Petriella, 2000; Wheeler et al., 2009; Franceschini-Vicentini et al., 2009).
The esterasic polymorphisms observed in the hepatopancreas are related to the high enzymatic activity involved in many
physiological process that this organ performs, such as detoxiﬁcation, metabolism of hormones, oogenesis, vitellogenesis,
nerve impulse control, and others (Franceschini-Vicentini et al., 2009; Frasco et al., 2010).
Following reports and classiﬁcations for other species, the esterase bands of species of Macrobrachium were classiﬁed as
either a- or b-esterases, according to their preference for a-naphthyl or b-naphthyl acetate, respectively. The tests using pH
variation showed that all of the bands stained at pH 6.2 (Oakeshott et al., 1997; Castiglioni-Ruiz et al., 1997; Lapenta et al.,
1998; Nascimento and Bicudo, 2006).
In order to enhance the understanding of the esterase pattern found in the hepatopancreas, inhibition tests were performed
on each analyzed species. According to Oakeshott et al. (1993), these enzymes are classiﬁed into four groups using speciﬁc
compounds that are able to inhibit them: a) carboxylesterases (which are inhibited by organophosphate compounds); b)
cholinesterases (a group composed of acetylcholinesterases and butyrylcholinesterases, which are also inhibited by organo-
phosphate compounds and eserine sulfate); c) arylesterases (which are inhibited by sulphydrylic reagents like pOHMB) and d)
acetylesterases (which are resistant to all of these compounds).However, thismethodology is basedon studies using insects, and
also considering that the response of the esterases to these compounds could vary among different organisms (Oakeshott et al.,
1997; Vioque-Fernández et al., 2007), other studies are necessary to elucidate the effects of these chemicals in crustaceans.
In light of these factors and the data from inhibition tests EST1, EST2, EST4, EST5, EST6, EST8 and EST10 can be classiﬁed as
acetylesterases. Moreover, the high frequency of these bands is consistent with the physiological role of this organ which is
likely involved in pheromone degradation, detoxiﬁcation, digestive processes and producing and storing energy for repro-
ductive processes (Wheeler et al., 2009; Franceschini-Vicentini et al., 2009).
The EST9 band, which is frequently present in both sexes, was only partially inhibited by pOHMB. It can therefore be
classiﬁed as arylesterase. According to the literature, arylesterases are involved in hormone metabolization and protection
against oxidative stress caused by xenobiotics (Mackness et al., 1983; Gan et al., 1991; Oakeshott et al., 1997; Wheelock et al.,
2005; Trídico et al., 2010).
EST3 and EST7 bands, which were frequently found in both sexes, were partially inhibited bymalathion, being classiﬁed as
carboxylesterases. These enzymes have been associated with hormonal control, oogenesis, vitellogenesis, and pheromone
production. They are also involved in detoxiﬁcation, the degradation of food substrates, and pesticide tolerance, all these
processes are performed in the hepatopancreas (Whittaker,1984; Oakeshott et al., 1997; Castiglioni-Ruiz et al., 1997; Gunning,
2006; Franceschini-Vicentini et al., 2009).
The EST11 band could not be classiﬁed because it was not detected in these tests due its low frequency.
The EST12 band was slightly inhibited by malathion and eserine sulfate and was therefore classiﬁed as a cholinesterase.
This bandwas present in 100% of the analyzed specimens which suggests that it is involved in basic functions. Cholinesterases
are important regulatory enzymes that are responsible for the control of the nerve impulse transmission across cholinergic
synapses, where they act by hydrolyzing the excitatory acetylcholine neurotransmitter.
In addition to the physiological roles of the carboxylesterases and cholinesterases described previously, the patterns in
which these enzymes are inhibited by some pesticides (carbamate and organophosphorus, for example), have been used as
exposure biomarkers for contamination in environmental monitoring (Trídico et al., 2010).
A signiﬁcant difference between the esterase band frequencies of males and females was found in all of the species
studied. According to our results, these differences can be attributed to reproductive functions, because the hepatopancreas
plays important roles in this process. However, we must consider the fact that fewer male specimens were collected. The
lower frequency of males in the environment could be either an important aspect of the population structure of these species
(Mattos and Oshiro, 2009), or a consequence of human activities in these ecosystems.
The lack of interspeciﬁc differences in esterasic band frequencies may be associated with the aforementioned physio-
logical aspects of the hepatopancreas. These differences also conﬁrm the high conservation of esterase genes in these
crustaceans. It is important to emphasize that M. jelskii and M. amazonicumwere accidentally introduced in São Paulo state.
However, several successive invasion events must have occurred to themaintenance of genetic variability in these groups. It is
certain that genes involved in evolutionary features (which include the esterase genes) would bemolded by natural selection,
A. Vidotto Barboza Lima et al. / Biochemical Systematics and Ecology 47 (2013) 132–138 137since M. brasiliense, which is native to the same region, did not present any differentiation in its band patterns when
compared to the exotic species.
The data obtained in this study are pioneer for these crustaceans. It allowed the assessment of the genetic structure of the
analyzed species through the use of esterasic enzymes. These results also contribute to the information available on the
biology of these crustaceans, which have yet to be thoroughly studied. Knowledge on the genetic structure of populations and
species is essential when deﬁning priorities for suitable management and conservation (Piorski et al., 2008).
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